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Box PCT APPLICATION 
Assistant Commissioner for Patents 
Washington, D.C. 20231 

FIRST PRELIMINARY AMENDMENT 

Sir: 

This Preliminary Amendment accompanies the filing of an application 
under 35 U.S.C. §371. 

Prior to examination, please amend the above-identified application as 

follows: 

IN THE CLAIMS: 

Please amend claims 3, 4, 5, 6, 8, 9 and 10 to read as follows: 

3. (amended) A solid oxide fuel cell system component according to claim 1 
which contains less than 0.05 wt% Mn. 



4. (amended) A solid oxide fuel cell system component according to claim 1 
wherein the alloy has a composition, in wt%, of: 



Serial No.:: Not Yet Known 
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Al 6.0 ±1.0 
Si 1.0 ±0.5 
C 0.005 - 0.02 
P ^ 0.04 
S ^ 0.04 
Cr ^ 0.10 
(Al + Si) = 6.5 to 7.5 
Residue Fe, excluding incidental impurities. 

5. (amended) A solid oxide fuel cell system component according to claim 1 
wherein the alloy contains no Cr. 

6. (amended) A solid oxide fuel cell system component according to claim 1 
having a surface layer of AlgOg. 

8. (amended) A solid oxide fuel cell system component according to claim 1 
wherein source material for the alloy at least includes scrap metal. 

9. (amended) A solid oxide fuel cell system component according to claim 1 
which is a gas separator disposed or adapted to be disposed between adjacent fuel 
cells in the system. 

10. (amended) A solid oxide fuel cell system component according to claim 1 
which is d component selected from the group consisting of a manifold, a base plate, 
a cunrent collector strap, ducting, a heat exchanger and a heat exchanger plate 
disposed or adapted to be disposed in the solid oxide fuel cell system. 

IN THE ABSTRACT OF THE DISCLOSURE 



Please add the following new paragraph and heading at page 12, line 1: 



Serial No.:: Not Yet Known 
Filing Date: Herewith 



-ABSTRACT OF THE DISCLOSURE 



A solid oxide fuel cell system component that may be exposed to an 
oxidizing atmosphere within the system is formed from a heat resistant 
allow that preferably has a wt% composition of Al 5-0, Si 0.1-3.8, Mn £ 
0.5, Cu ^ 0.23, Ni ^ 0.61, C £ 0.02, P ^ 0.04, S ^ 0.04. Cr < 5, and 
residue Fe excluding incidental impurities. Preferably the component 
can function at temperatures exceeding about 750*C.- 



The foregoing claim amendments are made to obviate the problem of 
improper dependency in the multiple dependent claims which existed in the PCT 
priority document. The foregoing abstract of the disclosure was added because no 
abstract appeared in the PCT priority document. Appended hereto at page 4 is a 
marked-up version of the foregoing amendments in which additions to the text are 



pages numbered 10 through 12 incorporating the changes indicated above are 
attached hereto and incorporated herein by reference. 

The Commissioner is authorized to charge any additional fees which may be 
required, or credit any overpayment to Deposit Account No. 06-1300 (Our Order 
No. A-71183/DJB/MAK). 
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shown with a 




and deletions with otrikeout typ e. Replacement 
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FLEHR, HOHBACH, TEST, 
ALBRITTON & HERBERT LLP 
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Bv: Ji^iktoiujr: 



Michael A. KAUFf 
Reg. No. 32,998 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE 



IN THE CLAIMS: 

Claims 3, 4, 5, 6, 8, 9 and 10 were amended as follows: 

3. (amended) A solid oxide fuel cell system component according to claim 1 or 
2-which contains less than 0.05 wt% Mn. 

4. (amended) A solid oxide fuel cell system component according to any one of 
claims 1 to 3 ^ ^fcHwherein the alloy has a composition, in wt%, of: 

Al 6.0 ±1.0 
Si 1.0 ±0.5 
C 0.005 - 0.02 
P ^ 0.04 
S ^ 0.04 
Cr ^0.10 
(Al + Si) = 6.5 to 7.5 
Residue Fe, excluding incidental impurities. 

5. (amended) A solid oxide fuel cell system component according to any one of 
the preceding claims c laim 1 wherein the alloy contains no Cr. 

6. (amended) A solid oxide fuel cell system component according to any one of 



8. (amended) A solid oxide fuel cell system component according to any one of 
the preced i ng claims ^ ^Mwherein source material for the alloy at least includes 
scrap metal. 

9. (amended) A solid oxide fuel cell system component according to any one of 
the preceding cla i ms ^ ^Hwhich is a gas separator disposed or adapted to be 
disposed between adjacent fuel cells in the system. 




(having a surface layer of AlgO; 
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10. (amended) A solid oxide fuel cell system component according to any one of 
claims 1 to 0 ^ ^^[which is a component selected from the group consisting of a 
manifold, a base plate, a current collector strap, ducting, a heat exchanger and a 
heat exchanger plate disposed or adapted to be disposed in the solid oxide fuel cell 
system. 

IN THE ABSTRACT OF THE DISCLOSURE: 



The following text was added: 
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CLAIMS: 



1. A solid oxide fuel cell system component which is adapted to be exposed to an 
oxidising atmosphere in the fuel cell system and which is formed of a heat resistant alloy 
5 having a composition, in wt%, of: 



10 



Al 




5,0- 


10.0 


Si 




0.1- 


3.8 


Mn 


<. 


0.5 




Cu 




0.23 




Ni 


<: 


0.61 




C 


<. 


0.02 




P 


<. 


0.04 




s 




0.04 




Cr 


< 


5.0 





15 Residue Fe, excluding incidental impurities. 

2. A solid oxide fuel cell system component according to claim 1 vMch contains no more 
than about 8.5 wt% Al. 

20 3 . A solid oxide fuel cell system component according to claim 1 which contaiiK less than 
0.05 wt% Mn. 

4. A solid oxide fuel cell system component according to claim 1 wherein the alloy has 
a composition, in wt%, of: 
25 Al 6.0 ±1.0 

Si 1.0 ±0.5 

C 0.005 - 0.02 

P ^ 0.04 

S ^ 0.04 
30 Cr ^ 0.10 

(A1 + Si) = 6.5 to 7.5 
Residue Fe, excluding incidental impurities. 
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5. A solid oxide fuel cell system component according to claim 1 wherein the alloy 
contains no Cr. 

6. A solid oxide fuel cell system component according to claim 1 having a surface layer 

5 of AI2O3. 

7. A solid oxide fuel cell system component according to claim 6 wherein the AI2O3 
surface layer has a thickness in the range of from about 1 to about 1 0 microns, preferably from 
about 1 to about 3 microns. 

10 

8 . A solid oxide fuel cell system component according to claim 1 wherein source material 
for the alloy at least includes scrap metal. 

9. A solid oxide fuel cell system component according to claim 1 which is a gas separator 
1 5 disposed or adapted to be disposed between adjacent fuel cells in the system. 

10. A solid oxide fuel cell system component according to claim 1 which is a component 
selected from the group consisting of amanifold, abase plate, a current collector strap, ducting, 
a heat exchanger and a heat exchanger plate disposed or adapted to be disposed in the solid 

20 oxide fuel cell system, 

11. A solid oxide ftiel cell system in which one or more components adapted to be exposed 
to a temperature in excess of 750^C and an oxidising atmosphere are in accordance with any 
one of the preceding claims. 

25 
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ABSTRACT OF THE DISCLOSURE 



A solid oxide fuel cell system component that may be exposed to an oxidizing atmosphere 
mthin the system is foraied from a heat resistant allow that preferably has a wt% composition 
of Al 5-0, Si 0.1-3.8, Mn < 0.5, Cu ^ 0.23, Ni ^ 0.61, C < 0.02, P < 0.04, S ^ 0.04, Cr < 5, 
and residue Fe excluding incidental impurities. Preferably the component can fimction at 

temperatures exceeding about 750°C. 



WO 00/75389 PCT/AUOO/00630 

l0/00982§ 

/ AIR-SIDE SOLID OXIDE FUEL CELL COMPONENTS 

The present invention relates to solid oxide fuel cells and is particularly concerned with 
components for solid oxide fuel cells systems \^ch are adapted to be exposed to a temperature 
in excess of 750^C and to an oxidising atmosphere. Such components include gas separators 
between adjacent fuel cells, and heat exchangers. 



The purpose of a gas separator in planar fuel cell assemblies is to keep the oxygen 
containing gas supplied to the cathode side of one fiiel cell separated from the fiiel gas suppUed 
to the anode side of an adjacent fuel cell and to conduct heat generated in the fuel cells away 
from the fuel cells. The gas separator may also conduct electricity generated in the fuel cells 
away from the fuel cells, but this function may alternatively be performed by a separate member 
between each fuel cell and the gas separator. 

Sophisticated ceramics for use in fuel cell gas separators have been developed which are 
electrically conductive, but these suffer from a relatively high fragility, low thermal conductivity 
and high cost. Special metallic alloys have also been developed, but it has proved difficult to 
avoid the various materials of the fiiel cell assembly and the interfaces between them degmding 
or changing substantially through the life of the fiiel cell, particularly insofar as their electrical 
conductivity is concemed, because of the tendency of differrat materials to chemically interact 
at the high temperatures vAdch are required for efficient operation of a solid oxide fiiel cell. For 
example, most metallic gas separators contain substantial quantities of the element chromium 
which is used to impart oxidation resistance to the metal as well as other propCTties. 

It has been found that where chromium is present in more than minute quantities it may 
combine with oxygen or oxygen plus moisture to form highly volatile oxide or oxyhydroxide 
gases vmder conditions which are typical of those experienced in operating solid oxide fuel cells. 
These volatile gases are attracted to the cathode-electrolyte interface where they may react to 
form compoxmds which are deleterious to the efficiency of the fuel cell. If these chromium 
reactions are not eliminated or substantially inhibited, the performance of tiie fuel cell 
deteriorates with time to the point where the fuel cell is no longer effective. 
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Several of these metallic alloys and one proposal for alleviating this problem are 
described in our patent application W096/28855 in which a chromium-containing gas separator 
is provided with an oxide surface layer which reacts with the chromium to form a spinel layer 
5 between the substtate and the oxide surface layer and thereby tie in the chromium. However, 
at present these specialist alloys remain expensive for substantial use in fuel cell assemblies, 
and it would be preferably to have a lower cost alternative. 

Special heat resistant steels have also been developed to be stable at high temperature 
10 in fuel cell atmospheres. The significant feature of all heat resistant steels is the oxide layer, 
particularly its type and nature, which is formed when the steel is exposed to mildly and strongly 
oxidising conditions at elevated temperatures. Heat resisting steels form tight, adherent, dense 
oxide layers which prevent further oxidation of the underlying metal. These oxide layers are 
composed of chromium, aluminium or silicon oxides or some combination of them. These oxide 
1 5 layers are very effective in providing a built-in resistance to degradation due to high temperature 
oxidation. 

However,^ while this feature is used to advantage in many applications, the presence of 
this oxide layer has until recently been considered to inhibit the use of these steels in key 

20 components of solid oxide fuel cells. The oxides, especially those of silicon and aluminium, are 
electrically insulating at all temperatures, and this is a major problem for those components in 
a fuel cell which must act as electrical cvirrent collectors. Of all the heat resisting steels 
available, those based on the iron-chromium binary systems are the best in this regard, but they 
too have severe limitations. In particular, they generally contain more than 12 wt% chromium 

25 to provide the desu:ed oxidation resistance, leading to the problems described above. At levels 
of less than 12 wt% Cr, tight, adherent, dense chromium oxide layers do not form on the iron- 
chromium alloys and the alloys are unsuitable for use in oxidising atmosphere at elevated 
temperatures. At chromium contents of 12 wt% or more, special coatings or treatments are again 
required to prevent the chromium-based gases escaping from a gas sqjarator formed of the alloy. 



30 
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One approach to alleviating these disadvantages of heat resistant steel gas separators is 
described in our patent application WO 99/25890, However, this and most other heat resistant 
steels are specialist materials containing substantial levels of Cr plus other compositional 
controls which means that their cost will remain high. 

Steels having compositions with low levels of Cr have been proposed in US patent 
specifications 3,657,024 and 3,761,253, but neither specification exemplifies an alloy havmg 
an Al content greater than 4.09 wt%. In both specifications the intention was to provide an 
electrical-sheet steel having magnetic properties, and no emphasis is placed on providing a low- 
chromium heat resistant steel capable of forming a thin, adherent alunaina-based surface scale 
to provide oxidation resistance to the steel. Furthermore, no suggestion is made in either 
spejcification of providing an alloy which is suitable for use in components on the air side of a 
solid oxide fuel cell qrstem. 

It is an object of the present invention to provide a con^onent for a solid oxide fuel cell 
system formed of a heat resistant steel which is adapted to be exposed to a temperature in excess 
of 750''C and to an oxidising atmosphere, but in which the aforementioned disadvantages 
associated with having high levels of Cr may be alleviated. 

According to the present invention there is provided a solid oxide fuel cell system 
component which is adapted to be exposed to an oxidising atmosphere in the fiiel cell system 
and which is formed of a heat resistant alloy having a composition, in wt%, of: 



Al 




5.0-10.0 


Si 




0.1 - 3.8 


Mn 




0.5 


Cu 




0.23 


Ni 




0.61 


C 




0.02 


P 




0.04 


s 




0.04 
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Cr < 5.0 

Residue Fe, excluding incidental impurities. 

Further according to the present invention, there is provided a solid oxide fuel cell 
5 system in which one or more components adapted to be exposed to a temperature in excess of 
750**C and an oxidising atmosphere are formed of a heat resistant alloy having a composition 
as defined in the immediately preceding paragraph. 

fi The component may be in the form of a manifold, base plate, current collector strap, 

C 3 1 0 ducting or, for example, a heat exchanger or heat exchanger plate used in a solid oxide fiiel cell 

Ti system, but preferably the component is a gas separator disposed or adapted to be disposed 

: ;! between adjacent fuel cells. 

- ; 

IJl An advantage of solid oxide fuel cell system components in accordance with the 

1 5 invention is fliat they are capable of forming a stable AI2O3 layer on the surface when exposed 
1:; to oxidising atmosphere at elevated temperature. The component preferably does not contain 

any chromium, but levels up to about 5 wt% have been found to not interfere with the formation 
of an alumina layer which can then prevent the escape of chromium rich vapour. The formation 
of the alumina layer may be performed by heating in an oxidising atmosphere at a temperature 
20 of at least 950^C, preferably no more than 1200*C and more preferably in the range 1000 - 
llOO^'C. The length of the heat treatment is dependent upon the elevated temperature. For 
example, at temperatures m the range of 1200X, a sufficient thickness of alumma may be 
formed on the component surface in 1 hour or less. At the lowest temperature of 950''C, a 
sufficient thickness of alumina may take 10-20 hours or more to form. The alumina layer 
25 preferably has a thickness as small as 1 - 3 but greater thicknesses up to 5 or even 10 
microns may be acceptable. 

A minimum level of 5 wt% Al is necessaiy in the component in order to form the 
alumina layer yNbsn subjected to the heat treatment Preferably, the alloy contains more than 5.2 
30 wt% Al. A maxunum of about 10 wt% Al is provided m order to ensure that the alloy of the 
component remains within the cold workability limit for Fe-Si-Al alloys. The maxknum may 
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be varied by other alloying elements which are acceptable in a fuel cell component exposed to 
oxidising atmosphere at elevated temperature, but the preferred maximum is about 8,5 wt% 
since no advantage has been recognised in adding more. 

5 The silicon content of the alloy is also restricted by the cold workability considerations 

and by other steel-making considerations. With increasing aluminium content, the silicon 
content may be decreased in order to ensure the alloy remains within the cold workability limit, 
and preferably the Si content is no more than about 1 .5 wt%. At higher levels, and possibly even 
at levels above about 1 wt% Si, processing diflBculties may be encountered when large volumes 
■J:' 10 of the alloy are made because of the formation of fayalite at elevated temperature. The presence 
'1% of Si in the Fe-Al alloy assists the fluidity of the steel at high levels of aluminium during 

f :] melting. A minimiHn 0. 1 wt% Si also alleviates the formation of iron oxide nodules should the 

alumina surfece layer be damaged. Preferably, the alloy comprises from 6.5 to 7.5 wt% total of 
t3 Al and Si in combination. 

U 15 

Preferably any manganese present is at levels of less than 0.05 wt% since alloys 
vi containing more Mn than this may be difficult to roll. 

Manganese and the other non-Fe-Al-Si elements may be present as tramp elements, and 
20 advantageously the alloy composition may be produced from selected scrap metal, including, 
but not restricted to, cast and other forms of aluminium, aluminium-silicon alloys, all other 
alxraiinium alloy scrap, recycled steel and aluminium cans, Fe-Si transformer core scrap and 
plain steel, particularly low alloy plain carbon steels. In addition, feiro-silicon and ferro- 
alimiinium alloys of the type used for modifying steel compositions during production are 
25 suitable source miat^als for the Fe-Al-Si alloy. 

The pFefored alloy composition is, in wt%: 



Al 6.0 ± 1.0 
30 Si 1.0 ±0.5 

C 0.005 - 0.02 
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P ^ 0.04 
S :S0.04 
Cr i 0.10 
(A1+ Si) = 6.5 to 7.5 
5 Residue Fe, excludrag incidental impurities. 

The alloys may be prepared by, for example, argon arc melting or any other standard 
^ steel making process, such as open hearth, or BOF. 

Q 10 The most preferred alloy composition having no Cr conveys particular benefits for gas 

z';^ separators of solid oxide fuel cell assemblies and other componeaits in contact with the inlet air 

stream to the cells since any breakdown, damage or loss of the AI2O3 layer, for whatever reason, 
can not lead to Cr egress as it can with all Cr contaming steels/other heat resisting steels and 

J";' allo}^. 

■pi, j5 

A component in the form of a gas separator in accordance with the present invention 
may have gas chamiels formed on opposed sides, for example as described in our 
aforementioned patent ^plication WO 96/28855. However, preferably, the gas flow passages 
are formed in or provided by a mesh or other structure provided between the respective side of 
20 the gas separator and the adjacent electrode, for example as described in our patent Explication 
WO 98/57384. 

Most preferably, a gas separator in accordance with the invention would be used with 
a separate electrical conductor between the gas separator and each electrode. One proposal for 
25 separate electrical conductors on respective sides of a gas separator is disclosed in our patent 
application WO 99/13522. 

Examples: 



30 



The Fe-Al-Si alloy system was investigated to find a suitable alumina-forming alloy for 
particular appUcation as a non-cuirent coUectmg gas separator. Initial work was conducted on 
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a total of 12 alloy compositions, including one quaternary alloy containing chromium. Alloys 
were prepared by argon arc melting and their oxidation behaviour and mechanical properties 
were assessed. Compositions are listed in Table I below. 

5 Table 1 . Alloy compositions by atomic % 



Alloy No 


Nominal Composition, at. % 


Alloy No 


Nominal Composition, at. % 


1 


Fe-10.5Al-2Si 


7 


Fe-11.5Al-2Si 


2 


Fe-4Al-5Si 


g 


Fe-lAl-7Si 


3 


Fe-20A1-1 Si-5Cr 


9 


Fe-12Al-1.25Si 


4 


Fe-5Al-4.5Si 


10 


Fe-13 AUSi 


5 


Fe-20Al-lSi 


11 


Fe-14Al-0.75Si 


6 


Fe-15Al-0.5Si 


12 


Fe-llAl-1.85Si 



In the Fe-Ai-Si ternary system atomic % equates to approximately 2 x weight %. 



Most of the alloys in Table 1 (Alloy Nos 1, 2, 4, and 6-12) fall within the a-Fe phase 
10 field (corresponding to the cold-working range) of the ternary Fe-Al-Si system. Alloy 5 and 
alloy 3, based on the ductile Fe-20AI (at%), fall just outside this range but were still found to 
be workable. 

A second series of alloys 15 to 19 was prepared with selected additions to determine liie 
15 effect of minor elements, commonly present in stainless steel scmp, on rolling and oxidation 
behaviour. Compositions are listed in Table 2. 



20 
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Table 2. Alloy Compositions by atomic % 



Alloy Number 


Composition, at.% 


15 


Fe-11.5Al-2Si-lMn 


16 


Fe-ll.5Al-2Si-0.2Cu 


17 


Fe-11.5Al-2Si-0,55Ni 


IS 


Fe-1 1 .5Al-2Si-0.2Cu-0.5Ni 


19 


Fe-1 1 .5Al-2Si-lMn-0.2Cu-0.5Ni 



All alloys 1 - 12 and 15-19 were successfully hot rolled at 900*'C. Small ingot samples 
vfexe rolled to ^jproximately 1mm tfiickness, using -30% roll-reductions. All rolled alloys were 
posted-annealed at 900°C for 1 hour and all were successfully cold rolled, using ~35% roll- 
reductions, except for Alloy No. 3. 



Oxidation Behaviour 

Oxidation tests on alloys 1- 12 and 15-19 were conducted at 900°C for 100 hours in 
static air and the oxidised samples were examined by XRD and SEM. All of the alloys produced 
thin, adherent alumina surface scales, except for AUoy Nos. 2 - 4 and 8. In the case of alloys 2, 
3, 4 and 8, nodular iron oxides or multi-layered scales were formed and some spalling was 
observed. Continued growth of these iron oxides over longer exposure times resulted in the 
catastrophic feilure of the scales. In the case of alloy 5, there were signs that nodules had begun 
to form in isolated locations, perhaps indicating the boundary between compositions forming 
stable oxide liners and those lacking this property, hi the case of alloy 8 SiOa-based scales were 
produced, with no alumina surface scale, and the alloy would produce processus difiBculties 
in larger volumes due to fee formation of fayalite. No silicon oxides were detected in any of the 
samples, except sample 8, by XRD, but silicon was detected m the alumina scales using EDAX. 

This shows that Fe-Al-Si alloys having a composition range m accordance with the 
invention are cqjable of forming tiiin, adherent alumina oxidation resistant surfece layexs. This 
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permits the alloys to be used in non-electrically conductive, heat resistant components on the 
oxygen-containing gas side of a fuel cell assembly, particularly in gas separators. The alloys in 
accordance with the invention have thamal conductivities suitable to enable them to readily 
transfer heat away fix)m tiie sdjacent fuel cell or cells. 

Those skilled in the art will appreciate that the invention described herein is susceptible 
to variations and modifications otiier than tiiose specifically described. It is to be understood 
that the invention includes all such variations and modifications which fall withm its spirit and 
scope. The invention also includes all of the steps, features, compositions and compounds 
referred to or indicated in this specification, individually or collectively, and any and all 
combinations of any two or more of said steps, features, compositions and components. 
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CLAIMS: 

1 . A solid oxide fuel cell system component which is adapted to be e3q)osed to an oxidising 
atmosphere in the fiiel cell system and which is formed of a heat resistant alloy having a 
composition, in wt%, of: 



Al 




5.0-10.0 


Si 




0.1 - 3.8 


Mn 




0.5 


Cu 




0.23 


Ni 




0.61 


C 




0.02 


P 




0.04 


S 




0.04 


Cr 


< 


5.0 



Residue Fe, excluding iacidentd impurities. 

2. A solid oxide fiiel cell system component according to claim 1 which contains no more 
than about 8.5 wt% Al. 

3. A solid oxide fuel cell iq^stem component according to claim 1 or 2 'wiiich contains less 
than 0.05 wt% Mn. 

4. A solid oxide fuel cell system conq)onent according to any one of claims 1 to 3 vrfiCTein 
the alloy has a composition, in wt%, of: 

Al 6.0 ± t.O 
Si 1.0 f 0.5 
C 0.005 - 0.02 
P < 0.04 
S s 0.04 
Cr ^ 0.10 
(A1 + Si) = 6.5 to 7.5 
Residue Fe, excluding incidental impurities. 
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5. A solid oxide fuel cell system component according to any one of the preceding claims 
wherein the alloy contains no Cr, 

6. A solid oxide fuel cell system component according to any one of the preceding claims 
haying a surface layer of AL2O3, 

7. A solid oxide fuel cell system component according to claim 6 wherein the AI2O3 
surface layer has a thickness in the range of from about 1 to about 10 microns, preferably from 
about 1 to about 3 microns. 

8. A solid oxide fiiel cell system component according to any one of the preceding claims 
wherein source material for the alloy at least includes scrap metal. 

9. A solid oxide fuel cell system component according to any one of the preceding claims 
which is a gas separator disposed or adapted to be disposed between adjacent fuel cells in the 
system. 

10. A solid oxide foel cell system component according to any one of clahns 1 to 8 which 
is a component selected from the group consisting of a manifold, a base plate, a current collector 
strap, ducting, a heat exchanger and a heat exchanger plate disposed or adapted to be disposed 
in the solid oxide fuel cell system. 



1 L A solid oxide fuel cell system in which one or more components adapted to be exposed 
to a temperature in excess of 750*€ and an oxidismg atmosphere are m accordance with any one 
of the preceding claims. 
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